A novel Gram-stain-negative, non-spore-forming, orange-pigmented bacterium, designated strain SS2-56 T , was isolated from sediment of the Nakdong River in Sangju-si, Republic of Korea. Phylogenetic analysis based on 16S rRNA gene sequences revealed that the isolate SS2-56 T belongs to the family Chitinophagaceae, and was most closely related to Lacibacter daechungensis H32-4 T (96.6 % similarity) and Lacibacter cauensis NJ-8 T (96.1 %). Strain SS2-56 T contained menaquinone 7 (MK-7) as a respiratory quinone and iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 1 G, summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) and C 16 : 0 as major fatty acids. The major polar lipids of strain SS2-56 T were phosphatidylethanolamine, one unidentified aminophospholipid and four unidentified lipids. The DNA G+C content was 43.8 mol%. Phenotypic, chemotaxonomic and phylogenetic evidence clearly indicates that strain SS2-56 T represents a novel species of the genus Lacibacter, for which the name Lacibacter nakdongensis sp. nov. is proposed. The type strain is SS2-56 T (=KCTC 52160 T =JCM 31372 T ).
The genus Lacibacter was proposed by Qu et al. [1] as a new member of the family Chitinophagaceae. The genus currently comprises only two species, Lacibacter cauensis isolated from sediment of a eutrophic lake [1] and Lacibacter daechungensis isolated from deep freshwater of a resevoir [2] . The genus Lacibacter is characterized by being Gram-negative, aerobic, motile by gliding with rod-shaped cells. The aim of this study was to determine the taxonomic position of strain SS2-56 T isolated from sediment of the Nakdong River by using a polyphasic characterization.
Strain SS2-56 T was isolated from surface sediment of the Nakdong River in Sanju-si, Republic of Korea (36 26¢ 24¢¢ N 128 15¢ 26¢¢ E). The sediment samples were serially diluted with 1/4 strength Ringer solution (per litre: NaCl 2.25 g, KCl 0.105 g, CaCl 2 0.12 g, NaHCO 3 0.05 g) and suitable ten-fold dilutions were spread on R2A agar (BD). Strain SS2-56 T was obtained after incubation at 25 C for 14 days. The isolate was subcultured on R2A agar at 30 C for 3 days, and also maintained in 20 % (w/v) glycerol at À70 C. To compare chemotaxonomic and phenotypic characteristics with related type strains, L. cauensis KACC 15066 T and L. daechungensis KCTC 32395 T were obtained from the Korean Agricultural Culture Collection (KACC) and Korean Collection for Type Cultures (KCTC), respectively.
The 16S rRNA gene sequence was obtained from the purified PCR product using the service of Macrogen. Pairwise 16S rRNA gene sequence similarity was determined using the EzTaxon server [3] . Phylogenetic analysis was performed by using the software package MEGA version 6.0 [4] after alignment of the 16S rRNA gene sequence of strain SS2-56 T with related sequences using EzEditor [5] . A phylogenetic tree was reconstructed by using the neighbourjoining method [6] and evolutionary distances were calculated using Kimura's two-parameter model [7] . Bootstrap analysis was carried out using 1000 resampled datasets, and maximum-likelihood and maximum-parsimony algorithms were also used to test the topology of the neighbour-joining tree [8, 9] . Strain SS2-56 T was found to cluster with L. daechungensis H32-4 T (96.6 % 16S rRNA gene sequence similarity) and L. cauensis NJ-8 T (96.1 %) in the neighbourjoining tree ( Fig. 1 ) and this cluster was independent from other related genera. The maximum-likelihood and maximum-parsimony trees showed the same topology.
Growth temperature range (4, 10, 15, 20, 25, 30 , 37 and 42 C) and salinity tolerance [0, 0.5, 1, 1.5, 2, 3, 5 and 7 % (w/v) NaCl] were determined after cultivation on R2A agar for 7 days. The pH range was examined between pH 4.0 and 10.0 at 1.0 pH unit intervals by using R2A broth adjusted to different pH values with the follwing buffers: 50 mM citrate/ phosphate (pH 4.0-6.0) and 50 mM Tris/HCl (pH 7.0-10.0) buffers. Cells were incubated in the shaker, and growth was determined spectrophotometrically based on OD 600 after 7 days. Growth on nutrient agar (NA; BD) and tryptic soy agar (TSA; BD) was determined at optimal temperature. Growth under anaerobic conditions was determined after incubating strain SS2-56 T in a GENbag anaer kit (bioM erieux) for 7 days on R2A agar. Motility was investigated by using the hanging-drop technique with fresh cells in R2A broth. Colony appearance was examined after incubation for 3 days. Cell morphology was observed by using transmission electron microscopy (CM200; Philips) ( Fig.  S1 , available in the online Supplementary Material).
The Gram reaction was determined by the standard Gramstaining method. Catalase activity was investigated by bubble production in 3 % (v/v) hydrogen peroxide and oxidase activity was determined using 1 % (w/v) tetramethyl p-phenylendiamine. Tests for degradation of casein (5 % skimmed milk), CM-cellulose, starch, xanthine, hypoxanthine, tyrosine and DNA were evaluated after 7 days of incubation at 30 C. Biochemical tests were performed using the API 20NE, API 50CH and API ZYM systems (bioM erieux) and GN2 Microplates (Biolog) in triplicate.
Growth occured at temperatures ranging from 15 to 30 C (optimum, 30 C) and at pH 5.0-8.0 (optimum, pH 7.0). No growth on TSA and weak growth on NA were observed. Colonies were orange-pigmented, circular, convex and smooth. Cells were Gram-stain-negative, aerobic, motile by gliding, rod-shaped, and oxidase-and catalase-positive. Strain SS2-56 T shared many similar phenotypic features with the type strains of the two Lacibacter species. However, strain SS2-56 T was distinguished clearly from the two recognized Lacibacter species based on enzyme activities and utilization of carbon sources; only strain SS2-56 T showed enzyme activities such as esterase/lipase (C8), achymotrypsin, a-galactosidase, a-glucosidase and b-glucosidase, but not acid phosphatase; unlike the two recognized members of the genus Lacibacter, strain SS2-56 T utilized Dfructose and DL-lactic acid, but not gluconate. The detalied phenotypic characteristics of strain SS2-56 T and related species are summarized in the species description or in Table 1 .
The cellular fatty acid profiles of strain SS2-56 T and related species were determined using cells grown on R2A for 2 days at 30 C. Cellular fatty acids were extracted and analysed according to the method described for the Sherlock Microbial Identification system (MIDI) 6.1 using the TSBA 6.2 database. Respiratory quinones were extracted with chloroform/methanol and purified using Sep-Pak Vac silica cartridges and analysed by HPLC as described previously [10] . Polar lipids were extracted from freeze-dried cells and separated by two-dimensional silica gel TLC (Merck) [11] . The first direction was developed in chloroform/methanol/water (65 : 25 : 3.8, by vol.) and the second direction in chloroform/methanol/acetic acid/ water (40 : 7.5 : 6 : 1.8, by vol.). Total lipid material and specific functional groups were detected using molybdophosphoric acid (total lipids), molybdenum blue spray reagent (phosphate), ninhydrin (free amino groups) and a-naphthol solution (sugars) [10] . The DNA G+C content was determined by The fatty acid profiles of strain SS2-56 T and related species are shown in Table 2 . The predominant fatty acids of strain SS2-56 T were iso-C 15 : 0 (47.6 %), iso-C 17 : 0 3-OH (13.8 %), iso-C 15 : 1 G (7.2 %), summed feature 3 (7.0 %, C 16 : 1 !7c and/or C 16 : 1 !6c) and C 16 : 0 (5.5 %). The fatty acid composition of strain SS2-56 T was similar to that of other Lacibacter species, as the main components were identical, but these strains differed in several branched fatty acids. The major respiratory quinone of strain SS2-56 T was identified as menaquinone 7 (MK-7), as in all members of the genus Lacibacter. The major polar lipids in strain SS2-56 T were phosphatidylethanolamine (PE), one unidentified aminophospholipid (APL) and four unidentified lipids (L1-L4); one unidentified lipid (L5), two unidentified aminolipid (ALs) and two unidentified aminoglycolipid (AGs) were also present as minor components (Fig.  S2 ). The polar lipid profile of strain SS2-56 T was very similar to that of L. cauensis KACC 15066 T and L. daechungensis KCTC 32395 T in that PE, APL and three lipids (L1, L3 and L4) were present as major components, but it was distinct because another unidentified aminolipid (AL3 or AL4) was absent. The DNA G+C content of strain SS2-56 T was 43.8 mol%.
The combination of phenotypic and genotypic characteristics, including enzyme activities, carbon source utilization, a Table 1 . Differential phenotypic characteristics between strain SS2-56 T and the type strains of two Lacibacter species Strains: 1, SS2-56 T ; 2, L. daechungensis KCTC 32395 T ; 3, L. cauensis KACC 15066 T . All data were obtained from this study unless indicated otherwise. All strains were positive for hydrolysis of aesculin and gelatin, and alkaline phosphate, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, bgalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities, utilization of cellobiose, gentiobiose, a-D-glucose, maltose, D-mannose, sucrose, trehalose and pyruvic acid methyl ester. All strains were negative for nitrate and nitrite reduction, indole production, glucose fermentation, arginine dihydrolase, urease, lipase (C14), b-glucuronidase and a-mannosidase activities, acid production from glycerol, erythritol, robust phylogenetic clade with the members of the genus Lacibacter ( Fig. 1 ) and 16S rRNA gene sequence similarity of less than 97 % [13] with related species of the genus Lacibacter, clearly differentiates strain SS2-56 T from previously described species of the genus Lacibacter, and accordingly a novel species, Lacibacter nakdongensis sp. nov., is proposed.
DESCRIPTION OF LACIBACTER NAKDONGENSIS SP. NOV.
Lacibacter nakdongensis (nak.dong.en¢sis. N.L. masc. adj. nakdongensis pertaining to Nakdong River, from where the type strain was isolated).
Cells are Gram-stain-negative, non-spore-forming and rodshaped (0.4-0.5Â1.6-3.8 µm). Colonies are orange-pigmented, circular, convex and smooth after incubation for 2 days at 30 C on R2A agar. Growth occurs at 15-37 C (optimum 30 C). The pH range for growth is 5.0-8.0 (optimum pH 7.0). Unable to grow in the presence of NaCl. Grows on NA (weakly) but not on TSA. Catalase-and oxidase-positive. Tyrosine is degraded weakly, but CM-cellulose, starch, casein, xanthine, hypoxanthine and DNA are not. Positive for hydrolysis of aesculin and gelatin, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase and b-galactosidase. Positive for alkaline phosphatase, esterase (C4), esterase/lipase (C8), leucine arylamidase, valine arylamidase, cysteine arylamidse, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-fucosidase activities with API ZYM. Metabolizes (API 20NE and Biolog GN2) D-glucose, D-mannose, D-mannitol, N-acetyl-glucosamine, maltose, gluconate, cellobiose, D-galactose, gentiobiose, a-D-lactose, lactulose, melibiose, methyl b-D-glucoside, sucrose, trehalose, turanose, pyruvic acid methyl ester, succinic acid monomethyl ester, L-glutamic acid, glycyl L-glutamic acid, L-proline and L-threonine. Acid production (API 50CH) is positive for L-arabinose, D-xylose (weakly), D-galactose, D-glucose, D-fructose (weakly), D-mannose, L-rhamnose (weakly), methyl a-D-mannopyranoside (weakly), methyl a-D-glucopyranoside, N-acetyl-glucosamine, amygdalin, arbutin, salicin, cellobiose, maltose, D-lactose, melibiose, sucrose, trehalose, inulin (weakly), melezitose, raffinose, amidon (starch), glycogen, gentibiose and D-turanose. The major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 1 G, summed feature 3 (C 16 : 1 !6c and/or C 16 : 1 !7c) and C 16 : 0 . The major respiratory quinone is MK-7.
The major polar lipids are phosphatidylethanolamine, one unidentified aminophospholipid and four unidentified lipids.
The type strain, SS2-56 T (=KCTC 52160 T =JCM 31372 T ), was isolated from surface sediment of the Nakdong River, Republic of Korea. The DNA G+C content of the type strain is 43.8 mol%.
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